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Abstract: Abdominal surgeries alter the integrity of the peritoneal layer and cause imbalances among immuno-
logical, inflammatory and angiogenic mechanisms within the tissue. During laparoscopic procedures a protec-
tive function of the peritoneal layer can be disturbed by the gas used to create a pneumoperitoneum. The aim of
this study was to characterize peritoneal tissue by means of differential scanning calorimetry (DSC) as a refer-
ence for future investigations on the influence of surgical procedures on the physicochemical state of the perito-
neum. Thirty-seven patients participated in the study. Patients were divided into three groups according to the
type of surgery: group H — patients who underwent hernia repair; group Ch — patients who underwent laparo-
scopic cholecystectomy; and group C — patients operated due to rectal cancer. It was observed that onset
temperature (To), denaturation temperature (Tm) and change of enthalpy (DH) during thermal denaturation of
peritoneal collagen in were significantly different for these three groups of patients. The mean values of onset
temperature (To) and denaturation temperature (Tm) in group H were significantly lower, while DH in this
group was significantly higher than in the two other groups (Ch and C). This preliminary study does not answer
whether the differences in collagen denaturation found in peritoneal tissue from different groups of patients
resulted from a different inherent state of the tissue, or from surgical procedures. However, the results suggest
that DSC is an appropriate method to study subtle changes in the physicochemical condition of the peritoneum
using small samples obtained during surgical procedures. (Folia Histochemica et Cytobiologica 2011; Vol. 49,
No. 4, pp. 700–705)
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Introduction
Abdominal surgeries alter the integrity of the perito-
neal layer and cause imbalances among immunologi-
cal, inflammatory and angiogenic mechanisms within
the tissue.
Laparoscopic surgery has become standard in the
treatment of cholelithiasis. Laparoscopic cholecystec-
tomy is one of the most frequently performed proce-
dures in the surgical wards. Better cosmetic effect,
shorter hospitalization time and higher quality of life
are well proven advantages of this surgical technique.
However, laparoscopic surgery is not devoid of dis-
advantages which in part are related to the influence
of carbon dioxide used for the creation of a pneumo-
peritoneum. The protective function of the peritone-
um can be disturbed by the physical as well as the
chemical action of the gas used to create a pneumo-
peritoneum. As a result, immunological, inflamma-
tory and angiogenic imbalances occur [1].
The peritoneum consists of mesothelial cells en-
trapped in a network of connective tissue and direct-
ly adherent to the basal lamina (matrix) which con-
sists of collagen, glycoproteins, proteoglycans and gly-
cosaminoglycans. Such a network of lymphatic, venous
and arterial vessels localized within the basal mem-
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brane can become compressed during a pneumoperi-
toneum, resulting in disturbances to the local blood-
flow. Apart from mechanical injury, the gases used
for the creation of a pneumoperitoneum may influ-
ence the integrity, humidity and temperature of the
peritoneal layer. Drying of the peritoneal epithelium
under the influence of carbon dioxide pneumoperi-
toneum results in gaps in the normal thigh intercellu-
lar junctions which leads to gradual peritoneal cells
detachments from the basal lamina. Such mesothe-
lial cells secrete inflammatory mediators (IL-6, IL-8,
TNF-a) intracellular adhesion molecules and fibryno-
litic reaction mediators [2–7].
Collagen is the major structural protein present
in the peritoneum. In its native form, the collagen
molecule has a triple helical structure held together
by hydrogen bonds. During thermal denaturation,
these hydrogen bonds break, and the helices unfold
and form coils. Thermally induced transformations
of collagen reflect the overall condition of the struc-
ture, cross-links in the collagen network and interac-
tions with the surrounding molecules [8–10]. Differ-
ential scanning calorimetry (DSC) provides a power-
ful method for examining conditions in which the sta-
bilization of protein breaks down, and has been
proved to be sensitive to the amount of cross-links as
well as to the hydration and the molecular environ-
ment of the collagen molecules [10–15].
While generally the heat-induced denaturation of
proteins is reasonably well understood, the heat de-
naturation of structural proteins within whole tissues
remains an area of active research. DSC studies have
proved to be valuable in assessing the role of collagen
in structural alterations of aortic walls in abdominal
aortic aneurysms and in mechanical alterations asso-
ciated with mitral valve dysfunctions, as well as in the
characterization of aortic tissues for cardiac valve bio-
prostheses and artificial blood vessels [16–19]. The
calorimetric method has been successfully applied in
investigations of collagen in mineralized bone tissue
[11, 15, 20]. DSC data has also been shown to be sen-
sitive to native and artificially induced intermolecu-
lar cross-links in collagen in cornea and lens capsules,
and in degenerative disc disease [21, 22].
The aim of this study was to characterize perito-
neal tissue by means of differential scanning calorim-
etry (DSC) as a reference for future investigations
on the influence of surgical procedures on the physi-
cochemical state of the peritoneum.
Material and methods
This study was conducted in tissue specimens obtained from
37 patients admitted to the Department of General and
Oncological Surgery of the District Specialist Hospital in
Lublin, Poland between January and March 2010. All pa-
tients were scheduled for surgery. Patients were divided into
three groups according to the type of surgery. The first group
(H) consisted of patients who underwent hernia repair
(13 patients, six females, seven males); the second (Ch) was
composed of patients operated due to cholelithiasis
(14 patients, 12 females, two males) using laparoscopic meth-
od; while the third group (C) consisted of ten patients, (five
females, five males) operated due to rectal cancer. Addi-
tionally, patients were assigned to two subgroups according
to BMI values. Subgroup A consisted of patients with BMI
values less than 30 kg/m2 while subgroup B consisted of pa-
tients with BMI equal to or above 30 kg/m2. There were
15 patients with BMI ≥ 30 kg/m2, six in group H, five in
group Ch and four in group C.
All patients included in the study were informed about
the aims of the research and written consent was obtained
from each patient. The study design was approved by the
Medical University of Lublin ethical committee.
One sample of peritoneal tissue (1.0–1.5 cm2) was col-
lected from each patient during the surgical procedure. Sam-
ples were immersed in 0.9% NaCl and cooled to 4°C. With-
in two days of surgery, differential scanning calorimetry was
performed using a Q200 (TA) calorimeter. 8–10 mg sam-
ples of peritoneum with 10 ml of saline were sealed in
hermetic aluminium pans and scanned from 40°C to 85°C at
heating rate 5°C/min. A reference pan filled with pure 0.9%
NaCl solution was scanned in parallel for each sample. The
initial temperature of transition (the onset temperature, To),
the peak temperature (Tm), the temperature of protein dena-
turation and the energy absorbed by the sample during transi-
tion were determined from thermograms (Figure 1). Change
of enthalpy (DH) during the process was expressed as energy
of transition for one gram of dry mass of the sample. Dry mass
of the sample was measured following calorimetry and 24 hours
drying at room temperature in an exsicator.
Data was analyzed using SPSS v.16 software. ANOVA
test with Tuckey’s post-hoc analysis was used to investigate
differences between three groups of patients. Differences
between the two BMI subgroups in each group were tested
using Student’s t-test. In both tests, differences were con-
sidered significant if p < 0.05.
Results
In all peritoneal tissue samples, a non-reversible en-
dothermic process with maximum at temperatures
between 65.20°C and 70.0°C and enthalpy change
from 4.0 J/g to 31.5 J/g was observed. Median values
of DSC parameters of peritoneum in three groups of
patients are shown in Figures 2 and 3. Values of the
onset temperature (To) and the peak temperature (Tm)
in group H were lower than in the other two groups,
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while change of enthalpy (DH) was higher than in the
other two groups.
Significant differences between the three groups
were observed for each of the calorimetric parame-
ters measured in peritoneal samples (Table 1). Spe-
cifically, the post-hoc tests revealed differences
between group H and group Ch (p < 0.0001 for each
calorimetric parameter) and between groups H and
C (p = 0.001 for To, p = 0.008 for Tm and p = 0.004
for DH). Differences between groups Ch and C were
not statistically significant. Enthalpy and Tm in two
C samples were not included in the statistics, as the
samples did not return to a new equilibrium state af-
ter denaturation and collapsed before the denatur-
ation process was completed.
No significant differences were encountered when
two BMI subgroups were compared.
Additionally, in the patients who underwent chole-
cystectomy (group Ch), the presence of adhesions was
examined as well as their possible influence on the
calorimetric parameters of the peritoneum. Howev-
er, we did not observe any statistically significant dif-
ference between subgroups with and without adhe-
sions for any of analyzed parameters.
Discussion
In this study, DSC investigations of the physical state
of the peritoneum were performed in peritoneal sam-
ples from patients undergoing three different types
of surgical procedure. In all samples, a non-revers-
ible endothermic process starting above 60°C was re-
corded. Considering that collagen is a main structur-
al protein of the peritoneum, we attribute the ther-
mal activity of the sample to denaturation of collagen
molecules. The process of thermal activation of type I
collagen involves rupture of hydrogen bonds coupling
the three a-chains and a rearrangement of the triple
helix into a random chain configuration [8, 9]. In most
of our samples, the denaturation endotherm was fol-
lowed by an equilibrium state adequate to the new
configuration of the protein molecules at tempera-
tures just above 70°C. Similar values of denaturation
temperatures have been reported for samples from
other collagen-based tissues [12–14, 16–18, 21].
Figure 1. A typical DSC thermogram for a peritoneal
sample. The curve represents a transition from a native to
denaturated state of the sample. To — initial temperature
of the transition, Tm (peak temperature) — temperature of
denaturation, the area of the peak is equal to the energy
absorbed by the sample during transition
Figure 3. Change of enthalpy (DH) in three studied groups
(H — hernia group, Ch — laparoscopic cholecystectomy
group, and C — cancer group)
Figure 2. Medians of the onset temperature (To) and the
denaturation temperature (Tm) of peritoneal samples in the
three studied groups (H — hernia group, Ch — laparosco-
pic cholecystectomy group, and C — cancer group)
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Both the onset temperature and the peak tem-
perature of the endotherm which reflect uncoupling
of the collagen triple helix were significantly lower
in the samples from patients with hernia (group H)
than in the two other groups. A possible reason for
the observed difference could be a lower physical
stability of collagen molecules in the peritoneum of
the patients belonging to group H. This might be
one of the factors that facilitate the occurrence of
hernia. It has been proven previously that in patients
affected by hernia the changes of tissue collagen are
related to the occurrence of this disease [23]. More-
over, the study by Klinge et al. revealed marked
changes in the abundance and composition of inter-
stitial collagens in patients with adult groin hernia
and incisional hernia [24].
Stability of collagen molecules reflects the overall
condition of the structure, cross-links in the collagen
network and interactions with the surrounding mole-
cules. Post-translational cross-links in collagen regu-
lated by cellular activities and tissue turnover rate af-
fect the size and physical properties of collagen fibers
and consequently collagen-based tissues [8, 11, 25]. In
a recent work performed in bariatric skin samples [26],
higher enthalpy values and decreased onset tempera-
ture in DSC measurements were found in skin areas
with histologically proven damage to the extracellular
matrix as compared with normal skin samples.
On the other hand, DSC results have been proven
to be very sensitive to the level of hydration of col-
lagen. A considerable increase of the temperature of
the helix-coil transition was found in dehydrated col-
lagen fibers. Enthalpy of the denaturation process was
also hydration-dependent, decreasing along with grad-
ual dehydration of collagen [10, 15]. An increase in
the thermal stability was attributed to the reduced
free-volume available for denaturing a-chains in de-
hydrated collagen fibers in the presence of thermally
stable cross-linking in and between collagen molecules
in tissues [10]. Hence, the high temperatures of he-
lix-coil transition together with low enthalpy values
in groups Ch and C could result from disturbed wa-
ter environment in these peritoneal samples.
Our study did not reveal any significant difference
between groups Ch and C with regard to analyzed
calorimetric parameters. However, an interesting dif-
ference between three groups was observed at tem-
peratures above the denaturation process. In all sam-
ples belonging to groups Ch and H, the denaturation
endotherm was followed by a new equilibrium state
for a new configuration of the molecules stable up to
85°C. In half of the peritoneum samples from patients
with tumors (C group), the new equilibrium state was
not achieved and the samples disintegrated and col-
lapsed at just above 70°C. Additionally, disintegra-
tion, which started below 70°C, was observed in two
cancer samples. Therefore these samples were not
included in the statistics.
Another interesting aspect of the results present-
ed in this study is related to the laparoscopic proce-
Table 1. Results of statistical analysis of DSC parameters of peritoneum samples in three groups of patients: H — hernia;
Ch — cholelithiasis; C — rectal cancer
n Mean Std. dev. Minimum Maximum
To H 13 64.69 1.12 62.7 66.5
Ch 14 66.33 0.52 65.5 67.2
C 9 66.31 1.03 64.3 67.8
Total 36 65.73 1.19 62.7 67.8
ANOVA, p < 0.0001
Tm H 13 67.08 1.01 65.2 68.9
Ch 14 68.94 0.61 67.8 69.6
C 8 68.38 1.11 66.8 70.0
Total 35 68.12 1.21 65.2 70.0
ANOVA, p < 0.0001
DH H 13 23.24 4.91 13.8 31.5
Ch 14 13.65 5.50 4.0 22.9
C 8 15.21 4.76 4.3 19
Total 35 17.67 6.68 4.0 31.5
ANOVA, p < 0.0001
Std. dev. — standard deviation
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dure performed in patients with cholelithiasis. Dur-
ing laparoscopic surgery, the peritoneal integrity is
altered due to the influence of physical injury and the
action of carbon dioxide used for induction of a pneu-
moperitoneum. The modulation of the immunologi-
cal system as well as the inflammatory reaction has
been described by many authors [1].
Regardless of the shorter hospital stay and better
cosmetic effect for the patients who undergo laparo-
scopic surgery, this technique is not immune from the
consequences of surgical trauma [27–29]. Laparoscop-
ic techniques have been continuously improved. Nu-
merous modifications minimizing the surgery-relat-
ed trauma (i.e. SILS, Single Incision Laparoscopic
Surgery) as well as the negative effects caused by the
pneumoperitoneum have been introduced (i.e. low-
-pressure carbon dioxide pneumoperitoneum tech-
nique, gasless laparoscopy) [30–32].
Laparoscopic surgery affects the peritoneal layer
that covers the abdominal cavity by physical damage
(incisions) as well as in a chemical manner (carbon
dioxide pneumoperitoneum). The single layer of
mesothelial cells inserted in the connective tissue
network and based on a connective tissue layer form
the peritoneal membrane which is a crucial organ re-
sponding to the surgical trauma and inducing inflam-
matory, fibrynolitic, angiogenic as well as immuno-
logical reactions [1, 33, 34]. The peritoneal layer has
a pivotal function in the process of wound healing.
The induction of the angiogenic and fibrynolitic re-
actions will influence not only the wound healing but
also the formation of adhesions [35, 36].
The peritoneal layer of the abdomen is a compli-
cated structure made up of cubic mesothelial cells,
a network of connective tissue, and the basal lamina
composed of fibroblasts, collagen fibers and mast
cells. It is essential for homeostatic maintenance to
provide the peritoneal integrity, which can be affect-
ed during laparoscopic surgery, where mesothelial
cells detach from the basal membrane and expose the
basal membrane [1, 37, 38]. Several studies based on
an animal model have showed that the bulging up of
mesothelial cells occurs almost immediately after the
initiation of a pneumoperitoneum. Additionally the
gas pressure, type of gas and duration of insufflations
used during laparoscopic surgery evokes changes to
the integrity of the peritoneal layer [39, 40]. The study
performed by Fu et al. evaluated the peritoneal mor-
phology of patients undergoing laparoscopic surgery.
The authors revealed that areas without mesotheli-
um, just with the basal connective tissue, can be found
in the peritoneal layer 30 minutes after the beginning
of the surgery, which is different to open abdominal
surgeries [1, 41].
Other authors have proved that the flow of car-
bon dioxide used during laparoscopic surgery causes
peritoneal layer damage. Direct damage of mesothe-
lial cells occurs when dry gas flow lasts even 30 sec-
onds, and indirect collateral peritoneal damage after
eight minutes of gas flow. The humid environment of
the peritoneal layer is dried by the gas used for the
creation of a carbon dioxide pneumoperitoneum.
These conditions promote evaporation, and in effect
dryness and damage of peritoneal cells [2, 3]. Taking
into account the extreme sensitivity of collagen mol-
ecules to the water environment, the physicochemi-
cal processes that occur in the tissue as a result of
laparoscopy could explain the higher thermal stabili-
ty and lower enthalpy of denaturation for samples
obtained during cholecystectomy compared to the
hernia group.
In summary, the differences observed in the de-
naturation process of the peritoneal tissue collagen
could result from the different inherent state of the
tissue characteristic for the surgical trauma. How-
ever, this study is a preliminary report and is insuffi-
cient to answer which of the possible causes con-
tributes more to the obtained results. However, it
was the first attempt to characterize the peritonuem
by means of DSC. The results showed that this meth-
od could be appropriate for the study of subtle
changes in the physicochemical condition of the peri-
toneum using small samples obtained during surgi-
cal procedures.
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